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Introduction 
Offi cially, the Dnepropetrovsk 
region has the following water 
resources: superfi cial – 0.24 
thousands m3 / year per 1 person (average 
index in Ukraine is 1.02 000 m3 / year per 
1 person); underground – 0.12 thousands 
m3 / year per 1 person (in Ukraine the 
standard indicator is 0.44 thousands 
m3 / year per 1 person). In general, the 
centralized water-supply system covers 
about 20 cities, 270 rural settlements 
[1, 2]. In the Dnepropetrovsk region 
about 19% of rural settlements were 
covered with the centralized water supply 
system with numerous infringements 
during exploitation. Majority of rural 
settlements: 626 settlements used 
drinking water from drilled wells, well 
known as an unprotected superfi cial 
aquiferous horizon. Peasants living in 
267 rural settlements, i.e. 61 thousand 
people were provided with bottled water, 
transferred from large cities using the 
special transport [3]. The Ukrainian 
government provided about 66.6% 
population with the centralized disposal 
systems (and about 52% peasants in the 
rural settlements). As a result, the large 
cities should be covered with the sewage 
system; according to the hygienic standards 
– from 50 to 98.4%, in the provinces – from 
5 to 47.6% [4]. Thus, this research is aimed 
at describing the dynamics of nitrifi cation 
activity in the centralized and decentralized 
water supply sources in the rural taxons 
of the Dnipropetrovsk region during 
2008-2014.
Materials and Methods
In our research the water quality 
indicators were determined using 
the sanitary-toxicological methods: 
concentrations of nitrogen ammonia, 
nitrites and nitrates (general number 
of laboratory tests carried out in the 
centralized sources – 38 260; in the 
decentralized water sources – 24 586). 
Nitrifi cation activity in both types of 
drinking water sources for 2008-2014 was 
investigated according to the requirements 
of the National Standard GOST 7525:2014 
[5] and the State Sanitary Norms and Rules 
2.2.4-171-10 [6]. 
Results and Discussion
Indicators of nitrifi cation 
activity in the drinking water from 
the centralized water sources of the 
1 taxon (nitrogen ammonia, nitrites and 
nitrates) did not exceed the maximum 
admissible concentration (MAC), 
except for the indicator of 2012. 
Over-normal concentration of nitrites 
(15.45±0.04) mg/dm3 – 30.9 MAC 
and oxidation (5.57±0.08) mg/dm3 – 
1.11 MAC was revealed in 2012. The 
level of nitrites in the drinking water was 
signifi cantly increased by 1.7 times in 
terms of dynamics: from (0.018±0.005) 
to (0.031±0.014) mg/dm3. In this case, 
an average annual indicator for nitrites 
was on the level of 2.22±0.02 mg/dm3, 
i.e. 4.44 MAC.
As for the surface sources, the 
tendency to the decreasing level of 
nitrates and ammonia nitrogen during 
the 6-year period was shown, indicating 
the adverse dynamics of self-cleaning 
of drinking water in the 1 rural taxon. 
On the one hand, the ammonia 
nitrogen level has decreased: from 
(0.31±0.08) mg/dm3 in 2008 to 
(0.22±0.06) mg/dm3 in 2013; thereafter 
it was growing to the initial level: 
(0.31±0.05) mg/dm3 in 2014 (p = 0.243). 
On the other hand, at the same period 
of observation nitrates content has 
decreased signifi cantly – by 2.6 times: 
from (2.80±0.80) to (1.07±0.39) mg/
dm3 (p<0.001). Indicators of nitrifi cation 
activity (ammonia nitrogen, nitrites and 
nitrates) demonstrate the self-purifi cation 
processes typical for the centralized 
sources in the 2 taxon, because the 
dynamics between 2008 and 2014 has 
shown the decreasing level of ammonia 
nitrogen and increasing level of nitrates 
concentrations. This clearly indicates 
the nitrifi cation activity occurring in the 
drinking water sources. So, the nitrogen 
of ammonia in the drinking water has 
signifi cantly decreased by 1.2 times – 
from (0.19±0.01) to (0.16±0.03) mg/dm3 
(p<0.001). While the nitrates in dynamics 
have signifi cantly increased by 2.3 times: 
from (1.07±0.47) to (2.50±0.25) mg/dm3 
(p<0.001). 
In the surface drinking water 
sources of the 3 taxon a higher than 
normal average annual concentration of 
ammonia nitrogen was registered: 1.06 
MAC (in 2009), 1.52 MAC (in 2011). 
Thus, a signifi cant decrease of nitrogen 
ammonia against the background 
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of decreasing nitrates content was 
determined. Therefore, the content of 
ammonia nitrogen has reduced from 
(0.34±0.03) to (0.17±0.03) mg/dm3 
against the background of decreasing of 
nitrates by 1.3 times: from (3.18±0.27) 
to (2.44±0.41) mg/dm3 (p = 0.229; 
p<0.001). 
In the centralized water sources of the 
4 taxon we have observed incompleteness 
of a nitrifi cation process, because during 
7 years the ammonia nitrogen and nitrates 
levels have increased, but the nitrites 
have decreased. The highest content of 
ammonia nitrogen was registered in 2011: 
0.22±0.01 mg/dm3 (p<0.001). 
Unfavourable self-purifi cation processes 
were registered in surface sources of the 
5 taxon, because in terms of dynamics the 
levels of ammonia nitrogen, nitrites and 
nitrates were signifi cantly increased. So, 
ammonia nitrogen level was signifi cantly 
increased by 1.12 times: from (0.17±0.01) to 
(0.19±0.05) mg/dm3 (p = 0.229; p<0.001) 
between 2008 and 2014. Unfavourable 
nitrifi cation activity occurred in the 
centralized water supply sources of 
the 6 taxon. Thus, in the surface water 
sources signifi cantly decreased ammonia 
nitrogen, nitrites, nitrates and oxidation 
were determined. Decreasing of the 
ammonia nitrogen level by 2.9 times has 
been registered between 2008 and 2014: 
0.12±0.01 mg/dm3 (p<0.001), 
nitrates have decreased by 1.6 times: 
2.71±0.53 mg/dm3 (p<0.001), 
nitrites have decreased by 5.6 times: 
0.005±0.002 mg/dm3 (p<0.001). 
The given trend demonstrates the 
unfavourable self-cleaning activity of water 
in the majority of rural taxons, because 
the levels of ammonia nitrogen, nitrites, 
nitrates, and oxidation have decreased in 
terms of dynamics (see Fig. 1a). 
The same trend of poor self-
purifi cation process in the decentralized 
water sources was observed in the 
1 taxon. Data of our research 
demonstrated the signifi cant growth of 
the level of ammonia nitrogen and nitrites, 
and decrease of nitrates, according to 
the GOST 7525:2014 requirements 
for underground water sources. In this 
taxon the level of ammonia nitrogen has 
increased by 1.4 times: from (0.23±0.02) 
to (0.32±0.07) mg/dm3 (p=0.243; 
p<0.001). The given trend was typical for 
nitrites in the underground water sources 
in some years: in 2008 (1.65 MAC); in 
2009 (1.25 MAC); in 2012 (3.0 MAC); 
in 2013 (1.5 MAC); in 2014 (3.05 MAC). 
Level of an average annual indicator 
of nitrites has increased (42.5 MAC). 
Therefore, nitrates have decreased by 
1.75 times in the underground sources: 
from (8.08±0.89) to (4.60±0.02) mg/
dm3 (p < 0.05). However, in the 1 taxon 
from time to time the level of nitrates 
increased: in 2008 (1.6 MAC); in 
2010 (2.7 MAC); in 2011 (1.7 MAC); 
an average annual indicator level is 
1.2 MAC. 
So, in the 2 taxon the decentralized 
water supply sources have shown 
unfavourable self-purifi cation processes. 
The results of analysis suggest the 
trend to decreasing ammonia nitrogen, 
nitrites, nitrates between 2008 and 2014. 
However, the increase of ammonia 
nitrogen has been shown: (1.6 – 2.0) 
MAC between 2008 and 2010; nitrites 
(2.0 – 3.0) MAC between 2008 and 
2013; nitrates (3.5 – 4.0) MAC between 
2008 and 2011. Consequently, the 
ammonia nitrogen level has signifi cantly 
decreased by 2.0 times: from (0.24±0.16) 
to (0.14±0.07) mg/dm3 (p<0.001). 
Similar trend was revealed in this taxon 
for nitrates, which increased by 4.1 times 
in terms of dynamics: from (9.47±0.54) 
to (2.29±0.006) mg/dm3 (p<0.001). 
Thus, the highest content of nitrates was 
revealed in 2010: 13.31±3.95 mg/dm3, 
the lowest content (< 5.0 mg/dm3) – in 
2012.
Results of monitoring of the drinking 
water quality in the 3 taxon demonstrate 
the unfavourable nitrifi cation activity 
in the decentralized sources by the 
ammonia nitrogen and nitrites. Average 
annual indicator of ammonia nitrogen 
in the 3 taxon was on the level: 
0.27±0.05 mg/dm3, nitrites – 
0.0069±0.0019 mg/dm3, nitrates – 
4.65±0.02 mg/dm3. In some years of 
monitoring of the drinking water the trend 
Fig. 1 a. Dynamics of nitrifi cation activity and oxidation in the centralized 
water supply sources in the rural tacsons of Dnepropetrovsk region (by the 
average annual indicators).
Fig. 1 b. Dynamics of nitrifi cation activity and oxidation in the decentralized 
water supply sources in the rural tacsons of Dnepropetrovsk region 
(by the average annual indicators).
19
to growth of nitrates was registered: in 2008 
– 6.96±0.33 mg/dm3, i.e. (1.4 MAC); in 
2013 – 7.54±0.14 mg/dm3, i.e. (1.5 MAC). 
Sometimes, nitrates decreased periodically: 
in 2008 (6.96±0.33) mg/dm3 and in 
2014 (0.56±0.04) mg/dm3 (p<0.001). 
Drinking water sources in the 
4 taxon has been characterized 
by unfavourable self-purifi cation 
and incompleteness of nitrifi cation 
activity for a 7-year period. Thus, in 
2008 there were the following levels: 
ammonia nitrogen (0.15±0.01) mg/
dm3; nitrites (0.039±0.014) mg/dm3; 
nitrates (13.62±2.77) mg/dm3 (p<0.001). 
In 2014 all these indicators have 
decreased in terms of dynamics: ammonia 
nitrogen (0.12±0.01) mg/dm3; nitrites 
(0.018±0.007) mg/dm3; nitrates 
(11.48±4.09) mg/dm3 (p<0.001), 
i.e. (1.25 MAC), (2.2 MAC), 
(1.2 MAC). The signifi cant trend in 
growth of all these compounds in the 
drinking water has been revealed: in 
2008 – nitrites (2.0 MAC), nitrates 
(3.0 MAC); in 2009 – nitrites 
(5.5 MAC), nitrates (1.2 MAC); in 2011 
– nitrates (3.4 MAC); in 2012 – nitrates 
(1.5 MAC); in 2014 – nitrates 
(2.3 MAC). Average annual indicators 
have also increased: nitrites 
(1.4 MAC), nitrates (2.0 MAC), 
oxidation (6.0 MAC). On the other 
hand, level of ammonia nitrogen 
was permissible. In 2014 indicators of 
nitrifi cation activity were the following: 
(0.30±0.12) mg/dm3 – ammonia 
nitrogen; (0.0016±0.0004) mg/dm3 – 
nitrites; (11.57±4.03) mg/dm3 – nitrates 
(p<0.001). Thereafter, these parameters 
have increased: nitrites (2.0 MAC) 
in 2008; (4.1 – 4.6 MAC) between 
2010 and 2011; (1.05 MAC) in 2012; 
(2.0 MAC) – by an average annual 
indicator. 
Results of our study of the 
decentralized water sources in the 6 
taxon demonstrate good nitrifi cation 
activity by low level of ammonia 
nitrogen and nitrites, and high level 
of nitrates. So, in 2008, the ammonia 
nitrogen has signifi cantly increased 
and reached the level of 0.58±0.02 mg/
dm3, nitrites – 0.10±0.009 mg/dm3; 
nitrates – 6.09±0.25 mg/dm3 (p<0.001). 
In 2014, the ammonia nitrogen has 
decreased by 2.4 times and was on the 
level of 0.24±0.05 mg/dm3; nitrites – 
by 3.5 times (0.029±0.008) mg/dm3; 
nitrates level has increased by 4.3 times 
(26.48±2.49) mg/dm3. Ammonia 
nitrogen had never increase MAC, 
except for 2013: 0.37±0.08 mg/dm3, i.e. 
(4.0 MAC). On the other hand, nitrates 
exceeding MAC in the decentralized 
water supply sources should cause 
methemoglobinemia among peasants 
of the 6 taxon. Thus, between 2008 and 
2009, nitrates content was on the level 
of 1.2 MAC; in 2010 – 1.08 MAC; 
between 2011 and 2012 – 1.3-1.6 MAC; 
between 2013 and 2014 – 3.0-5.3 MAC; 
average annual indicator was 2.08 MAC. 
In 2014 the highest content of nitrates 
in the drinking water was registered: 
(26.48±2.49) mg/dm3 (see Fig. 1 b).
Conclusions
In the decentralized water 
supply sources all taxons, except for 
the 6 taxon, showed unfavourable 
self-purifi cation processes and 
incompleteness of nitrifi cation activity. 
Therefore the average annual indicators 
in the water samples, taken in 
1-5 taxons, increased in dynamics by the 
nitrogen ammonia: from (0.24±0.05) 
to (0.43±0.20) mg/dm3, i.e. by 
2.0 times, as compared to the content 
of nitrates: (5.95±0.06) to (14.72±5.57) 
mg/dm3, which increased by 2.5 times 
(p < 0.001). It was proved that water 
from the decentralized sources in the 
1-5 taxons of the Dnepropetrovsk 
region did not correspond to the 
GOST 7525:2014 being intoxicated 
by high concentration of nitrites and 
nitrates between 2008 and 2014. 
All taxons of the Dnepropetrovsk 
region, except for the 2 taxon, did 
not correspond to certain indicators: 
1 taxon – nitrites (30.9 MAC) in 
2012; 3 taxon – nitrogen ammonia 
(1.06 – 1.52) MAC in 2009, 2011, 
(1.42 MAC) in 2012, 2013, (1.36 MAC) 
in 2014; 4 taxon – oxidation (1.33 – 
1.15) MAC in 2008, 2014; 5 taxon 
– nitrogen ammonia (1.02 MAC) in 
2011, nitrites (1.6 MAC) in 2014. 
References:
1. Borsunova, E.A., Kusmin, S.V., 
Acramov, R.L. 2007. «Estimation of 
drinking water quality to the population 
health». Hygiene and sanitation. 3: 
32-34. (in Russian)
2. Audinov, H.V., Priadko, L.I., 
Scvortsova, S.A. 2010. «Role of 
water factor in the non – infectious 
pathology among the Rostov region 
population». In Proceedings of the 
10th Conference in Rostov HMU, 
33-34. (in Russian)
3. Pribytkov, Yu.N. 1972. «Status 
of phosphoric-calcium exchange at 
the Shevchenko city inhabitants, using 
drinking water with low level of salt». 
Hygiene and sanitation. 1: 103-105. 
(in Ukrainian)
4. Stavitskyi, E.A, Rudko, H.I., 
Yakovleva, E.O. 2011. «Strategy of 
using the underground drinking water 
resources for water supply». 1: 347. (in 
Ukrainian)
5. Prokopov, V.O. 2009. 
«Problems of the centralized 
economic - drinking water supply 
in Ukraine, ways of profilactic». 
Technopolis. 10: 12-17.
6. State Sanitary Norms and Rules 
2.2.4-171-10 «Hygienic requirements 
to drinking water, intended for human 
consumption».
Information about authors:
1. Liubov Grigorenko – PhD, 
Assistant Professor, Dnepropetrovsk 
Medical Academy MHU; address: 
Ukraine, Krivoy Rog city; e-mail: 
ask_lubov@mail.ru
2. Aliona Mishchenko – Chief 
of the Therapeutic Department 
№ 2, Kryvorizska Municipal Hospital 
№ 1, Dnepropetrovsk Regional Council; 
address: Ukraine, Krivoy Rog city; 
e-mail: ask_lubov@mail.ru
3. Viacheslav Zaitsev – Teacher, 
Dnepropetrovsk Medical Academy 
MHU; address: Ukraine, Krivoy Rog 
city; e-mail: ask_lubov@mail.ru
4. Andriy Kondratiev– Chief, State 
Food and Consumer Service Main 
Department in Dnepropetrovsk Region; 
address: Ukraine, Krivoy Rog city; 
e-mail: ask_lubov@mail.ru
5. Nelia Salkova – Chief, State 
Sanitary and Epidemiological Service 
Main Department in Dnepropetrovsk 
region; address: Ukraine, Krivoy Rog 
city; e-mail: ask_lubov@mail.ru
